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Xylem water potential and water loss were measured in the 
ericoid shrub Philippia evansii N.E. Br. under varying 
conditions of soil moisture and atmospheric evaporative 
demand (AED). Minimum water potential stabilizes at ca. 
- 1 500 kPa and increasing soil water by irrigation , at a 
time when AED was high, did not significantly affect 
minimum water potential or water loss. It is concluded that 
P. evansii controls water loss by stomatal closure at high 
water potentials. The implications of strict control of water 
loss are discussed in the context of habitats colonized and 
geographical distribution of the species. 
S. Afr. J. Bot. 1985,51:460-464 
Xileem-waterpotensiaal en waterverlies vir dte eriko"iede 
struik Philippia evansii N.E. Br. is onder wisselende 
toestande van grondvog en atmosferiese verdampings-
aanvraag (AVA) gemeet. Minimum waterpotensiaal 
stabiliseer by ca. - 1 500 kPa en verlaging van grondwater 
deur besproeiing toe die AVA hoog was, het nie 'n 
beduidende invloed op die minimum waterpotensiaal of 
waterverlies gehad nie. Die gevolgtrekking is dat P. evansii 
waterverlies deur huidmondjiesluiting by hoe 
waterpotensiale beheer. Die implikasies van streng beheer 
van waterverlies word bespreek teen die agtergrond van 
habitatte wat gekoloniseer word en die geografiese 
verspreiding van die spesie. 
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Introduction 
Dunn, Shropshire, Song & Mooney (1976) have commented 
on the striking convergence of plant life forms in areas of 
similar climates, particularly in the Mediterranean climatic 
regions of the world. Drought stress is implicated in con-
vergence because these areas experience cool winters with 
moderate rainfall, followed by hot dry summers (Dunn eta/. 
1976). However, ericoid shrubs of similar life form are also 
found in areas (e.g. the Drakensberg Mountain Range in 
South Africa) which experience cool dry winters and wet warm 
summers (Killick 1963; Everson & Breen 1983a) and it is 
interesting to speculate on the incidence and implications of 
water stress in these environments. 
Philippia evansii N.E. Br. is a shallow rooted ericoid shrub 
which invades moist subalpine grassland protected from fire 
(Killick 1963; Granger & Schulze 1977). Earlier work has 
shown that even on moist south aspect sites this shrub can 
experience considerable water stress during spring, before the 
summer rains. These observations implicate water stress in 
the distribution pattern of P. evansii. 
Severe water deficits can be delayed by effective stomatal 
closure at high water potentials (Dunn et a/. 1976; Larcher 
1975) and it is therefore interesting to determine whether P. 
evansii controls water loss through stomatal closure when 
atmospheric evaporative demand and available soil moisture 
are high. We tested this by examining plant water potential 
and water loss under dry (control) and wet (irrigated) soil 
conditions in the field. 
Study area 
The study was carried out in the Natal Drakensberg at 
Cathedral Peak State Forest (29°00'S, 20° 15'E). A south-east 
facing slope on the upper reaches of the Msongwaan River 
Valley was chosen for the study since the population of P. 
evansii was large enough to permit destructive sampling. The 
site was situated at an altitude of 1 850 m and falls into the 
subalpine vegetation belt (Killick 1963) which experiences dry 
winter and spring conditions (Everson & Breen 1983a). Data 
were collected during both wet and dry seasons and the 
irrigation experiment was conducted in August when con-
ditions are normally driest. 
Materials and Methods 
The xylem water potential (\jfp) was measured using the 
pressure chamber method described by Scholander et a/. 
(1965). The procedures followed are described in Everson & 
Breen (1983a). Estimates of transpiration rates were obtained 
using the 'cut shoot' or 'weight loss' method (Slavik 1974), 
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which is simple and suitable for field studies. 
Preliminary experiments (Everson 1979) showed that plant 
samples with a fresh mass of approximately 10 g lost water 
linearly over an exposure period of 8 min (the time between 
initial and final weighing). Once the exposure period had been 
chosen, the per cent accuracy of the measured transpiration 
rate (x) could be calculated by substituting into the following 
equation: 
where a is the precision of the balance (in these experiments 
calculated to be 28 mg), b the estimated transpiration rate, 
c the fresh mass of the sample and d the exposure period. 
An 8- min exposure period (with 10-g samples) was accurate 
to within IOOJo of the estimated transpiration rate. The 
presence of a temporary increase in the transpiration rate after 
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cutting (Ivanov 1928), which would adversely affect the results, 
was not evident during these preliminary experiments. Four 
samples were adequate to give a standard error within IOOJo 
of the mean. 
The water potential and transpiration rates were estimated 
over 48-h periods from February (summer) to July (winter). 
During August, an experiment was conducted in which the 
effects of increased soil moisture on \j/p and transpiration rates 
were investigated. The study area was divided into two 
adjacent halves. The first was left unwatered (control site) 
while the second was watered continuously (watered site) over 
a period of 2 days. The experiment was conducted over 3 days 
and on each day measurements of \j/p were obtained every 
3 h. Transpiration rates were measured on the third day only, 
because the area that could be watered was small and the 
method of measurement destructive. Wet and dry-bulb 
temperatures, measured with a whirling hygrometer, were used 
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Figure lA-D Transpiration (mg/g/min), \jlp ( - kPa) and AED (net incoming radiation, VPD and temperature) estimated over 48-h periods 
in the Msongwaan Valley at Cathedral Peak. Vertical bars represent the 950Jo confidence limits. 
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to estimate vapour pressure deficit (VPD) which provided an 
index of the atmospheric evaporative demand (AED). Net 
incoming radiation (net radiant energy flux per unit surface 
area) was not measured directly but was predicted using a 
radiation model for Cathedral Peak (Schulze 1974). The 
analysis of Campbell-Stokes sunshine charts was used to derive 
a relationship between sunshine duration and net incoming 
radiation. From this model an estimate of incident solar 
radiant flux density at 20-min intervals was obtained. 
The soil moisture was measured gravimetrically from 
triplicate soil cores at two depths i.e. 0 - 249 mm and 
250- 500 mm. The moisture content was expressed as a 
percentage of the dry weight after oven drying at 105°C for 
48 h. 
Results 
The transpiration rate showed a diurnal response increasing 
during the morning and decreasing in the afternoon (Figure 1) 
and on most occasions there was a distinct plateau during the 
middle of the day. During April the period of constant 
transpiration rate persisted from ca. 09h00 until 15h00. 
Although transpiration was inversely correlated with \(/p 
(r = 0,72, p = 0,001, n = 38), the period of stabilization 
at maximum rate of transpiration was at times longer than 
that at min \(/p. 
The vapour pressure deficit was positively correlated with 
transpiration (r = 0,56, p 0,001, n = 38) even though the 
plateau in the rate of transpiration was not reflected in the 
trend of VPD. 
Comparison of maximum rates of transpiration with min 
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Table 1 A comparison of maximum rate of 
transpiration with min \lfp and maximum vapour 
pressure deficit on different days during 1977. Standard 
errors shown in parenthesis 
Transpiration Vapour 
rate min \jlp pressure 
Date mg g - 1 min - 1 (kPa) deficit (kPa) 
February 8 3,52 ( ± 0,41) - 600 (± 57) 1,74 
February 9 2,18 (± 0,68) - 727 (± 31) 0,95 
April 26 2, 73 ( ± 0,27) - 618 (± 18) 1,37 
April 27 3,68 ( ± 0,26) - 868 (± 36) 1,19 
May 31 2,32 ( ± 0,22) - 1009( ± 72) 2,83 
June I 2,45 ( ± 0,50) - 1042 (± 45) 1,52 
July 19 2,11 (± 0,38) - 1066 (± 38) 1,63 
July 20 I ,40 ( ± 0,23) -1057 (± 36) 1,58 
I. This table shows that highest transpiration rates tend to be associated 
with high \jlp i.e. Transpiration rate is reduced as \jlp becomes more 
negative. 
2. The table also shows that even when VPD is high, transpiration rate 
is low, indicating control of transpiration. 
\(/p and maximum VPD (Table 1), shows that when 
transpiration rates were highest, min \(/p was relatively high 
(- 600 to - 900 kPa) and that transpiration rates were lowest 
when min \(/p was most negative (ca. - 1 000 kPa). Also, 
when VPD was high and min \(/plow, transpiration rates were 
low (e.g. July). Highest transpiration rates were recorded when 
VPD and min \(/p were both high (e.g. February 8). 
The diurnal patterns of \(/p at the control and 'watered' sites 
prior to watering were not significantly different (Figure 2). 
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Figure 2 Estimates of \jlp, VPD, predicted net radiation and temperature over a 3-day period (26- 28 August 1976) at the control and watered 
sites. Note that values of \jlp at the watered site on the 27 and 28 August (i .e. on days when the watered site was irrigated) were higher than 
those at the unwatered site, indicating that \jlp was influenced by the amount of available soil moisture. Vertical bars represent the 95ll7o confidence limits. 
S. Afr. J . Bot. , 1985, 51(6) 
Irrigation commenced at 06h00 on 27 August. The effects of 
watering were to: Reduce the rate of decrease in \Jfp so that 
min \Jfp was reached later; cause min \Jfp to be higher at the 
'watered' site; cause \Jfp to increase earlier and to reduce the 
integrated daily water potential (L\Vp) by 31 07o . 
The transpiration rates, estimated on the day after watering 
had commenced, were not significantly different from those 
determined at the control site (Figure 3). Thus although high 
soil moisture brought about by watering (Figure 4) increased 
min \Jfp, it did not increase transpiration at a time when 
maximum VPD was exceptionally high (2,0-2,2 kPa; Figure 2). 
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Figure 3 Transpiration rates measured at the control and watered sites 
on 28 August 1976. Note that there were no significant differences in 
transpiration rates between the sites, indicating that P. evansii uses 
transpirational control in its water economy. Vertical bars represent 
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August 1976. Watering took place on the 27 and 28 August, starting 
at 06h00 and continuing until 18h00. Estimates taken on the first day 
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Discussion 
Bannister (1964a; 1971) has shown that water deficit at the 
point of stomatal closure varies both between and within 
species of heath plants. His data show that species such as 
Calluna vulgaris, which colonizes drier sites than Erica tetralix, 
are adapted to the drier conditions, not by any greater 
transpirational control but rather by an ability to forego a 
degree of stomatal protection for the sake of continued 
assimilation. Other shrubs have been described as 'water 
conservative' because they maintain high, constant seasonal 
water potentials, have moderate leaf conductances and have 
growth continuing through spring into summer (Specht 1972; 
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Moll & Sommerville 1985). 
Our data indicate that P. evansii does not respond in the 
same way as C. vulgaris. Although we do not have any direct 
evidence of stomatal control of transpiration rate, the indirect 
evidence is convincing. A distinct plateau in the transpiration 
rate and min \Jfp during the day are generally taken to indicate 
a control of water loss, particularly if the AED continues to 
rise (Ritchie & Hinckley 1975). Species which are sensitive to 
water loss stabilize min \Jfp at high levels (Tobiessen & Kana 
1974; Poole & Miller 1975) and although min \Jfp varies 
markedly between species, the values recorded in this study 
(ca. -I 100 kPa) are high (less negative) when compared with 
other species (Richter 1976; Moll & Sommerville 1985). 
Soil moisture availability is known to influence transpiration 
rate and \Jfp, with plants colonizing moist sites having higher 
\If P (Poole & Miller 197 5) and higher transpiration rates 
(Larcher 1975) than those on drier sites. Watering, in this 
study, resulted in an increase in min \Jfp and a decrease in 
the rate of increase in water deficit but did not significantly 
affect the pattern of transpiration. Thus, although the water 
potential gradient between leaf and atmosphere had increased 
in the watered plants, the maximum rate of transpiration did 
not. The correlation between \Jfp and rate of transpiration does 
not account for the observations at the watered site and it 
is tempting to speculate that P. evansii controls transpiration 
for water economy and conforms to the concept of a water 
conservative shrub (Specht 1972; Moll & Sommerville 1985). 
The control of water loss in P. evansii has significance as 
far as competitive ability and thus geographic distribution is 
concerned. It may be reasonably postulated that water 
economy would confer a competitive advantage in the 
colonization of fairly dry sites. Two factors may mitigate 
against this. Firstly, if as a result of high \Jfp and transpirational 
control the plant does not use all the available water in the 
soil profile, the water may be used by competitors (Poole & 
Miller 1975; Miller & Poole 1979). Secondly, P. evansii is 
shallow rooted (Everson 1979) and therefore, unlike com-
petitors with deep roots, it does not have access to soil water 
deeper in the profile. In addition, P. evansii has not 
successfully colonized drier sites (e.g. north-facing) in the Natal 
Drakensberg Mountains (Everson & Breen 1983a), suggesting 
that the potential competitive advantage of transpiration 
control is not realized. Walter & Van Staden (1965) have also 
implicated rooting depth as a determinant of water stress, as 
evidenced by seasonal differences in leaf moisture content and 
osmotic 'value' in sclerophyllous vegetation of the south-
western Cape (South Africa). 
It is difficult to see the competitive advantage in having 
strict control over water loss if P. evansii is largely confined 
to moist sites, unless they are periodically dry. We have shown 
that even on cool moist slopes P. evansii may experience con-
siderable water stress during the dry spring which precedes 
the summer rains (Everson & Breen 1983a, b). Cody & 
Mooney (1978) have stressed the importance of summer 
drought in the heathlands of the Mediterranean areas of South 
Africa and it can be postulated that dry conditions in spring 
are equally significant in summer rainfall areas (Granger & 
Schulze 1977). Our results support the view that water stress 
is a determinant of distribution. This is in accord with the 
observed distribution of P. evansii in the Natal Drakensberg 
(Everson 1979) and in the highlands of Zimbabwe (Oliver 
1985). 
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